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Use of Bioluminescence Imaging to Track Neutrophil Migration and it's Inhibition in Experimental Colitis
Crohn's disease (CD) and Ulcerative colitis (UC). Excessive or unchecked neutrophil recruitment can lead to tissue damage mainly due to the persistent release of harmful inflammatory cytokines, reactive oxygen species and proteases by the infiltrated cells [1] . In active IBD, histological evidence of high density neutrophil accumulation in the intestinal lumen directly correlates with epithelial injury and clinical disease activity [2] . Therefore, targeting neutrophil influx is a potential therapeutic strategy for IBD.
The CXC chemokines; human Interleukin-8 (IL-8/CXCL8) and the murine functional homologs keratinocyte-derived chemokine (KC/CXCL1) and macrophage inflammatory protein-2 (MIP-2/CXCL2) are neutrophil chemoattractants, that orchestrate their activation and recruitment from the blood into sites of infection, inflammation and injury by promoting endothelial adhesion and transmigration [3] .
Their biological effects are mediated by binding to two high affinity receptors; CXCR1 and CXCR2 [4] . CXCR2 has proven to be a potent mediator of PMN recruitment in pre-clinical models of arthritis [5] , allergy [6] , respiratory disease [7] and ulcerative colitis [8] . Increased mucosal expression of these chemokine receptors and their ligands in IBD explains the massive influx of leukocytes in active disease.
The up-regulation of IL-8 in the colonic mucosa of IBD patients [9, 10] correlates well with the histological degree of inflammation and chemokine mRNA expression [11] [12] . The pivotal involvement of KC and MIP-2 in PMN infiltration into inflammatory sites is also well documented [13] [14] . Furthermore, a marked increase in KC and MIP-2 have been reported in colons of mice with acute phase dextran sulphate sodium (DSS) -induced colitis [15] .
Traditional methods used to track neutrophil recruitment such as static histological analysis of fixed tissues following adoptive transfer of dye-labeled cells, do not provide temporal or spatial information within the physiological environment of lymphoid tissues [16] . While, white cell scintigraphy has been used to study neutrophil migration in both pre-clinical and clinical IBD studies [17, 18] there are well recognized disadvantages associated with radiotracers including the adverse effect on cell viability, radioactive decay and poor resolution [19] . In this study, a novel method to track neutrophil recruitment is described; involving bioluminescence imaging of adoptively transferred luciferase-expressing peritoneal exudate cells. We also investigated the blocking effect that an anti-KC antibody may have on neutrophil homing to the inflamed intestines of mice with DSS-induced colitis. The results from these studies clearly show selective trafficking of luciferase-expressing cells to inflamed colon 4h post cell transfer with a significant reduction in neutrophil trafficking in the anti-KC treated DSS mice. darkness, humidity 50%) in a dedicated animal holding facility. They were fed a standard non-sterile pellet diet and tap water ad libitum. Mice were allowed ≥2 wk to acclimatize before entering the study. All animal procedures were performed according to national ethical guidelines.
Materials and Methods

Mice
Colitis Induction and Assessment: DSS model
For the bioluminescence imaging studies, acute colitis was induced in the recipient wild-type FVB/N mice by administering 4% DSS (47 kDa, TdB Consultancy, Uppsala, Sweden) in drinking water. The mice were exposed to DSS for 5 days followed by one day on tap water. DSS was changed once during the 5 days. Disease progression was assessed by monitoring body weight loss, stool consistency (0=normal, well-formed pellets, 1=changed formed pellets, 2=loose stool, 3=diarrhoea) and fur texture/posture (0=smooth coat/ not hunched, 1=mildly
scruffy/mildly hunched, 2=very scruffy/very hunched) which were recorded to generate a daily disease activity index (DDAI 
Phenotypic Characterization of the peritoneal exudate using FACS analysis
Peritoneal exudate cells from three wild-type FVB/N mice were isolated and pooled as described above and re-suspended at 1 x 10 6 cells/ml. To this cell suspension; 50μL of each mAb dye mix was added with incubation in the dark at 4 o C for 30 minutes. with 5µm pore polycarbonate filters was used, as previously described [21] .
Peritoneal exudates from wild-type FVB/N mice were obtained by peritoneal lavage 12 hours post 4% thioglycollate injection and re-suspended at a concentration of 8 x 10 6 cells/ml in serum-free RPMI 1640 media. The chemotactic factor; murine recombinant mrKC (Peprotech, UK), diluted in serum-free RPMI-1640 to 10ng/ml and with or without 0.1 µg/ml or 10µg/ml monoclonal anti-mouse CXCL1/KC antibody (R&D Systems), was added to the lower chamber. Following placement of the filter membrane over the lower wells, 25µl cells (2 x 10 5 ) were added to the upper chamber of each well. The plate was incubated for 4 hours at 37°C with 5% CO 2 .
Inserts were removed and the number of neutrophils that migrated into the bottom chamber was determined by counting using a haemocytometer and trypan blue. For each experiment, the % migration after subtraction of the control (RPMI medium alone) was given for KC alone (no anti-KC) and for two concentrations of anti-KC antibody.
Bioluminescence Neutrophil Trafficking Model
To establish an efficient model to track and quantify neutrophil migration, we developed a neutrophil trafficking model using a luc + transgenic donor mouse line in conjunction with bioluminescent imaging (Fig. 1) 
Results
Phenotypic characterization of the peritoneal exudate
To determine neutrophil purity and the overall phenotype profile of the peritoneal exudate cells 12 h post thioglycollate-induction of peritonitis, immunofluorescence flow cytometry was performed. The data revealed a neutrophil purity of 80%, i.e.
LY6G
+ cells (Fig. 1a) , with clear expression of the activation molecule CD69 on these neutrophils as shown by mean fluorescence intensity (Fig. 1b) . CXCR2, the major receptor for human IL-8 and the murine homologs KC and MIP-2, was expressed on 39% of the neutrophils (Fig. 1c) . In the presence of mrKC, there was an 8% increase in % neutrophil transmigration compared to the RPMI medium control and this value was decreased to 2.8% and 1.5% by 0.1µg/ml and 10µg/ml anti-KC, respectively (Fig. 1d) . This chemotaxis assay confirmed the suitability of the peritoneal exudate cells for adoptive transfer. Neutrophil migration towards recombinant Macrophage Inflammatory
Protein-2 (MIP-2) instead of mrKC was also tested with similar results (data not shown).
Kinetic analysis of neutrophil trafficking in DSS-induced colitis
In the absence of inflammation, neutrophils (activated and responsive to KC) did not migrate to the colons of naïve mice indicating the necessity for localized gastrointestinal inflammation (Figures 4 and 5) . Acute DSS colitis was, therefore, induced in recipient mice. Inflammation was confirmed by assessing body weight change and total daily disease activity index (DDAI) (Fig. 2a-b) and by the significant increases in levels of KC and the pro-inflammatory cytokines IL-1β and IL-6 in the distal colons of the DSS mice as previously reported [15, 24] (Fig. 2c) . In addition, we and others have provided both histological and MPO data confirming the colonic tissue damage caused by DSS administration [25] [26] [27] [28] [29] . Following induction of colitis, (Fig. 4a) . At the later time point of 16-22 h, neutrophil presence in the colon remained high (Fig. 3a) but had decreased in the spleen, liver and lungs (Fig. 3c, d and e) . Thus, the data show a robust signal in the inflamed colon at all time points post cell transfer. There was no evidence of neutrophil recruitment to the small intestines of DSS recipient mice at any of the time points studied (data not shown).
Effects of KC blockade on neutrophil influx during DSS-induced colitis
To illustrate the potential of the bioluminescence neutrophil trafficking model, we assessed the effect of a chemokine blocking antibody, anti-KC. (Fig. 4b and Fig. 5a ). Similar to the kinetic study, no bioluminescence signal was evident in the small intestines of both IgG control-treated and anti-KC treated groups (data not shown). In the naïve recipients,
i.e. the control group, there was significantly higher localization of neutrophils in the liver, spleen and lungs compared to the DSS recipient mice [ Fig. 5b (i) and ( ii)].
However, in contrast to the DSS recipients, there was no bioluminescence signal evident in the naïve colons (Fig. 5a ).
Discussion
In In contrast, high transit through the lungs and spleen was evident at early time points following cell transfer but declined at the later time point. This is probably due to redirection of the transferred neutrophils to the inflamed colon with return to basal conditions in these organs. Since the route of administration of the donor cells was intravenous (i.v.), neutrophil localization to the lungs, liver and spleen of the recipient mice reflects the natural route of circulation. In fact, it is possible that the higher neutrophil presence in the inflamed colon at the later time points of 4h and 16-22h compared to 2h post adoptive transfer of cells is due to the fact that a recovery time of at least 2 hours is necessary to allow transferred cells to equilibrate in the circulation following i.v. administration. There was significantly higher neutrophil presence in the lungs, liver and spleen of the naïve recipients compared to in the DSS recipients which was most likely due to the absence of gut inflammation. Similar findings have been noted in previous studies where neutrophil presence in the spleen declined in patients with severe inflammatory disease compared to normal subjects. The explanation for this being that the pooled cells had been re-directed to inflammatory foci [35, 36] . In addition, we investigated the utility of the bioluminescence model as a tool to dissect the biology of and test new drugs that target neutrophil migration using a blocking antibody against KC. Significant inhibition of neutrophil recruitment to the inflamed colons of the anti-KC treated mice compared to IgG control-treated was clearly evident using this system. Interestingly, it has been reported that treatment of mice with TNBS-induced colitis with anti-KC ameliorated disease by reducing neutrophil migration and MPO [37] .
The bioluminescence model presented here has definite and distinct advantages over In conclusion, this study presents a robust model to track neutrophil recruitment which can be used to complement other available methods traditionally used for tracking neutrophils. In addition to experimental models of IBD, this versatile technique will be useful for monitoring neutrophil trafficking during inflammatory responses in a range of disease settings and constitutes a novel approach for the assessment of potential therapeutics that aim to reduce neutrophil infiltration. Thus it can be used as an informative and specific tool for both the pharmaceutical industry and the basic research community. For each experiment, the % migration after subtraction of the control (medium alone) was given for KC (alone, no anti-KC) and for two concentrations of anti-KC antibody (0.1µg/ml and 10µg/ml), 4 hr post incubation at 37°C. Plots shown are representative of three separate experiments using pools of 3-6 mice; *p ≤ 0.05, **p<0.01. 
